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1 INTRODUCTION 

This paper has been prepared to guide laboratory managers and supervisors in a 
compreheiisive review of their operating and analytical practices. It addresses the 
areas of staffing, laboratory facilities, analylical procedure, plus workload, records, 
data, and quality managemenL Ultimately a laboratory can consider itself credible, 
and accreditable, when it is able to provide an external auditor with a copy of its 
practices and procedures, and a copy of its own self-audit process, for review and 
evaluation. 

This document does not describe how particular tasks must be performed, although 
in some cases it may indicate options. It leaves the laboratory manager free to identify 
and choose procedures, within the limits defined by current, generally accepted, 
practice. Specific operational practices and procedures must be appropriate for the 
company, and may well change depending on a laboratory's area of expertise, size, 
number of staff, equipment, source of standards and supplies, level of 
computerization, etcetera. 

Management is accountable to the laboratory client to demonstrate how the goal of 
continied, adequate, well-documented data quality is achieved. Ultimately, a good 
quality management program will enhance a laboratory's ability to perforaa 
analytical tests with the desired reliability. Adherence to this code will indicate the 
laboratory's readiness to monitor and contt'ol quality. 

1.1 Background 

Environmental studies require extensive planning to ensure that samples taken are 
representative of the environment being observed, and that all sampling procedures, 
sample handling and preservation, and analytical procedures used will be of 
sufficient quality to ensure that prqjiect data quality objectives are met. 

Laboratories must be able to provide evidence that the quality of their data will meet 
the specific data quality objectives of a client's project. Quality is achieved and 
maintained by using well established practices to ascertain and assure that systems 
and supplies are under control The absence of documentation leaves room for tasks 
to be changed or forgotten as staff rotate through the working groups or leave the 
company. Therefore this paper identifies the types of factors that should be 
documented. 

The selection of a laboratory is a critical component in project planning. While it is 
assumed that laboratories are generally operated in a professional and competent 
fashion, ability to obtain a contract often depends on rumours about previous 
performance, good or bad. The increasing cost of analytical services creates a very 
competitive environment within which the development of proper quality 
management practices does not always receive the attention it deserves. And yet the 
documentation of these practices is exactly what the client would like to review. 

All laboratories must strive to provide timely, professional, and accurate service in 
their specific areas of competence. A 'minimum standard' for specific practices is 
difficult to determine in a generic sense, since it will depend on project needs. 
Therefore, when contacting for analytical services, both the laboratory client and 
the laboratory management must ensure that the 'minimum standard' is clarified and 
written into the contract as appropriate. This will usually include specification of 
the methods to be used and the performance level to be achieved. 
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Ttie key to reliability is documeiitation. In paiticiilar, the thOTough documentatioii 
of policies and procedures is a critical compoiieiit of a laboratory's operational 
review. AH aspects of laboratory maoagement and operation must be considered. 
Section 2 provides a management overview of the topics discussed in more detail 

in subsequent sections. 

But, documentation doe^s not itself ensure th,at staff will implement the practices 
described, or that the desired level of data quality will be achieved. A proper quality 
management system will provide evidence that predetermined procedures and 
practices were established and implemented, that the qudity of service provided is 
continually evaluated, contolled and recorded, and that the quality of data generated 
docs meet the client's data quality requirements. The area of laboratory quality 
management is ad(tessed in Section 3. 

1.2 O'verview of Terininolof y 

There, have 'been important advances in the understanding and implementation of 
control .and data quality m.anageroent in the an,alytic:al laboratoiy environment over 
the past decade.. The inte:rpretation and usage of quality asiurance :and performOTce 
management terminology depends somewhat on which intemational standards 
association one is associated with, aiid the interv;^ since their .definition was formally 
adopted. Thus the ASTM Compilation of Standard Defmitions (1982) provides 
several definitions for acc'uracy (close.ness to target), each of which depends on the 
context of use. None of these definitions incofporate die need to demonitttte and 
maintain conttol. Surely accuracy should depend on technique, skill ;andconttol,, not 
just luck. 

Analytical measurement systems include the need for an accurate standard, a stable, 
properly calibrated, analyte detection and quantitation process, a specific set of 
criteria which identify the analyte(s) that may respond to the test conditions, and an 
efficient, rugged, sample preparation procedure that effectively eliminates 
interference from the sample matrix. Much of the terminology of quality 
management derives from industrial process control where these non-quantitative 
aspects of chemical or bio-chemical measurement systems are not encountered. 

The terms used in this text are defined at the beginning of the relevant isections. The 
more significant terms are identified below. 

Management Terms 

The development and implementation of a proper quality management program 
depends on documented policies, guidelines, protocoli. and procedures. (See section 
2 for definitions.) 

Qu,ality Management Terms 

The management of analytical ,a^tX.requircs .an understanding of the concepts of 
data aoalitv, quality planning, quality assurance, and quality control. (See iection 2 
for defmitions.) 

Method .Practices Terms 

The production of good quality analytical laboratory data requires use of analytical 
procedures based on standard methods and standard operatinff practices. Staff must 
be properly Gained in these and related good laboratory practices. 
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Method, Perform,arice Terms 

The proper application of a methodto a particular sample mattix may require careful 

testing to verify its suitability. Factors to 'be evaluated include; re peatability. 
mf -gedness. sen sitivity., specificity., and recovery. (See section 8). 

Precision,, Accuracy,, and Conttol Terms 

Analytic^ precision and accuracy reflect Ae tr,aining and skill of the la.boratO''ry 
specialist in the day-to-day use and calibratioe of analytical methods and equipment. 
The attainment of precision and accuracy requires deliberate contro,! over the quality 
of calibration standafds and techniques. (See section 9). 

The concept of control requires a clear' ^distinction between acceptable varia,tion 
(deviation ) and unacceptable vmadon (errort . Me,asorements are expected to vary 

within a range based on the methM's repeatability, ,and within 'this range replicate 
measuiements should be essentially norm,ally distributed. Outliers 'ftoni this range 

are i,ndica,tive of e^rror. 

The application of statistical quality control assigns control and warning limits 
relative to the expected value of a control sample. These limits are based on the 
analytical repeatability (single analyst, within-batch replication). Any point falling 
outside this range (an outlier ) represents an error which requires investigation. Errors 
result from indeterminate, detenninate. systematic causes. Systematic errors arise 
from inadequate control of calibration processes. 

Any undetected trends which cause the average of a sequence of results to drift away 
from the expected value are indicative of bias . Bias is often induced by systematic 
error in calibration. It may also result from methods based on distinctly different 
principles due to their effect on metliod recovery or analytical response. 
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2 LABORATO RY MANAGEMENT RESPONSIBILITIES 

It is the responsibility of management to implement a process which will establish, 
demonstrate, and maintain the quality of all laboratoiy operations. This section 
reviews the factors critical to a well-oontrolled ,an,alytical laboratory. Section 3 
outHnes the components of a quality management program. 

Attainment and documentation of quality is ultimately linked to development and 
implementation of documented contfolprocessei. These processes requte planning, 
top management involvement to define goals and ensure resources, middle 
management invoivement to define needs .and proc:edures, and total, coinmi'tment of 

all personnel to ensure implementation and proper response. 

H DeiiiitiO'Es 

2.11 Gmdelmes 

Descriptions of general principles to be followed in developing operation^ protocols 
and procedures, including the selection of appropriate alternatives. 

2.1.2 Policy 

Description of activities considered by management as essential to proper operation, 
often prefaced by a statement such as "Staff must ensure that ...". 

2.1.3 Protocols 

Descriptions of the approach to be taken in implementing and reporting the 
completion of day-to-day operations, inclii,dlng what is to be done, who is 
responsible, and forms to be used. For example; sample submission, data reporting, 
workload management. 

2.1.4 Procedures 

Descriptions, step by step, of the operations to be performed to accomplish a specific 
task. They provide the basis for staff trdning and subsequent audits, for example- 
analytical methods, safety procedmes, computer sign-on and data eniiy' procedures. 

2.1.5 Data Quality 

'The suitability of data for its intended use. 

Documented, evidence of the relia,Mlity of data in te^rms of factors such as; analytical 

precision and accuracy, recovery, specificity and identification, and freedom from 
sources of bias or error which can occur at any stage in the sampling and analytical 
process. 

2.1.6 Qudity Maeagemen,t 

Activities undertaken by man,agement tO' ensure the development, implementation, 
and verification of a prciiuct quality program, by assignment of responsibiities, and 

by resource management 
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2.1.7 Quality Plarniing 

Activities uodert^akcn to' ensure that the equipment and services available will provide 
the level of quality required to meet prcdetermioed 'data quality 'Objectives. 

2.1.8 Quality Assurance 

Acti'vities undertakeii by line supcwiS'Ors, and designated QA personnel; to i'deE'tify 
critical operations that may adversely laffect 'the quality of product; to eiteblish 
appropriate conttol procedures; and to ensure that product quality is evaluated .and 
documeiited. 

2.1.9 Quality Control 

Activities undertaken by staff' in acC'Oidance with 'established QA requirements to 

verify total system readiness for' use. 

2J CO'inmittmeHt to QuaMtj 

The Quality Assurance prO'pam, including all aspects of quality management, 
quality assurance, .md quality conte-ol, must te 'documented .and" must m^eet the 

minimum standards outlined in subS'equent se'CtiO'ns 'Of this document. Details ;are 
provided in section 3. 

The planning and foraiulation of organizational policies must ensure in particular 
that: 

positions associated with work for a specific ,an,dytical services 

p'roject ,are identified; 

o sdl affected staff .are aw,are of thefr responsibilities; 

o effective channels of conamunication are established, to ensure 
'efficient tr:ansfer of information; 

o all policies, guidclines,p protocols, and procedures aie documented 
and known to staff; 

o staff receive ongoing technical and other training appropriate to 
their cuirent or futuie responsibiHties. 

2.3 Docuinentation 

AH company policies, guidelines, protocols, and procedures must be documented 

so Aat staff may know Aeu- specific duties and responsibilities with respect to good 
laboratoiy practice and standard operating practices. 

Protocols for reviewing, u;pdating, approving, and di,sttibuting revisions to cunBnt 

docum'entation must be established. 

Data, quiality derives frO'm, the careful review and evaluation of all aspects of 
day-to-day activity. Proper documentation will permit identification of control 
problems and the implementation of control procedures. The following factors are 
discussed in more detail in later sections. 
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Areas to be coesidercd for documeiitation include: 

O' Laboratory Management (systems and operations) 

o Analytical Methods (techniques, apparatus, procedures) ^ 

o Sample Management (s.ample log-in and 'throughput) 

o Test Result Management (records, evaluation, reporting) 

o QC Data Management (archiving and retrieval) 

o Quality Evaluation (systems, pocedures, performance) 

o Document Review and Revision. 

2.4 Organiiatioe 

A laboratory wishing to provide analytical service must detail its organizational 
slructure mid human resources, as they relate to the service to be provided. This 
documentation must address the services pro'vi'ded, md the qudificationi of staff. 
Details are provided in section 4. 

Services 

The general objectives of the organizatioe with respec't to services provided must 
be specified, including a listing of those services available in-house and those 

available by sub-'Conttact 

Staff Qualifications 

The minimum qualifications, skills, and experience requiiied of staff performing 
analytical tests must be documented. The actud skills and experience of staff should 

be evaluated .and documented. 

The need for a foimal skills evaluation process for specific tasks, operations, or tests 

should 'be assessed, .and implemented where necessa^. 

2.5 Facilities 

The physical facilities available for receiving, storing, handling, and analysing 
samples must be documented and must meet a minimum standard appropriate to the 
service being provided. Details ,are provided in section 5. 

2.6 Sample/WorMoad Management 

The procedures employed for sample m,anagemeiit 'throughout the laboratoty must 

be documented. These will include: 

o Sample reception and log-in; 

O' Test .and work assignment; 
o Sample storage, preservation; 
Sample chain of custody; 
o Analytical throughput; 
o Report preparation and review. 
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Adequate space and staffing must be provided to ensure speedy reception of samples, 
coirect test assignment, tiniely initiation of analysis, and timely and accurate 
reportng of .analytical results. Adequate space must be provided to ensure^ and 

maintain the intcgri,ty of samples. Details are provided in section 6.. 

2-7 Analytical Systems 

Analytical equipment, and instramentation must be appropriate to meet the specified 
quMity requipements of the laboratO'iy's clients. All equipment and instrumentation 
must be kept in good rep,air and must be. suitable for the task. Equipment and 

instrumeotation must 'be checked regularly to ensure physical calibration (e.g. length, 
temperature, weight, .ali,gnment) is maintained. The response of analytical detection 

systems must 'be calibrated regularly against solutions of .known concenfration. 

Reagents, solvents., standards, glassware and other laboratory supplies most be stored 

safely and in appropriate locations. They must be ensured suitable for use. Quality 

requirements must be documented .and known to those responsible for providing 
laboratory supplies and services. Details are prO'Vided. in .secti.on 7. 

2J Metliodology/Procediires 

The methods Mid lanalytical, practices employed must 'be fully documented. The 

expected performance ch.ar.acteristics of fcese systems must 'be determi.ned and 
availab.le for scrutiny. Use of a ''Standard Method' promote.s comparability of 'data 
among laboratories. Deviatiois from the use of a standard method must be 
thoroughly documented. Details m& 'discussed in section 8.. 

2 J Analytical Control 

Analytical systems must be contt*olled. The characteristics include calibrarion 
acc'uracy ,and reprod.ucibility, m.ethM recovery,, and analytical re.peatability.. 
Performance control limits must 'be esta.blished.. These should be based, on the 
within-batch repeatability of .andysis for typic.al samples in the des'ired. operating 
range. Excessive between-ru.n vari.ability indicates lackof pfecision conttol." A ttend 
over time indicates lack of accuracy controL 

Conttol charting is highly recommended to maintain both reproducibility and 

accuracy. Regular use of fresh reference standaid.s for bias con'trol, .and appropria.te 
certified refercnce materials for recovery control, plus regular participation in 
interla.boratory comparability studies, are all important aspects of a comprehensive 

analytical perfoirmance conttol profram. More details are provided in section 9. 

2.18 Data Eeporting 

Data, reporting practices must 'be defined to ensure results .are recorded to sufficient 
significant figures, and that test names, methods, and units of measure, md all 
important data quality and related qualifiers are recorded and reported. Any policy 
regarding the reporting or with-hoMng of low-level date should recognize the 'dan.ger 

of both false po.sitive .and false negative decision errors on the p^art. of the data user. 
Sec^ section 10. 
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2.11 Records Management 

Formal data recording and repoiting practices must be established to ensiire that the 

.quality of a reported result is known and that It is traceable back to the raw infoirmation 
on wMch it is based. A formal policy must be established to ensure secure reteotion 
of laboratoiy records. Detmls are pro¥ided in section 11. 



H 
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3 QUALITY MANAGEMENT 

Laboratories wishing to ensure good, quality analytical services must ie¥clop and 

establish a comprehensive QuMity Manageiiient program, to document and define 
the tasks and responsibiities of Ml staff associated wi A the andysis of sam,pl,es. The. 
goal of such a progiiim is to establish and maiotain operational and data quality at 
all levels of operation. 

3.1 QM, Prograiii Do'CumentatiO'ii 

One or more, documents must be available which address the following areas: 

o Quality Mana,gemen,t (staff roles and responsibiities); 

O' Da,ta Qu;ali,ty Objectives (client data quality' needs); 

o Quality Assurance (identification, as,sessment,, cowcction, 
m,onitoring of sources of quality degradation); 

o Quality Conttol (protocols for monitoring the quality of supplies, 
equipment, mediod and analyst performance). 

o Audits (system verification) 

3.2 Qoality Managemeiit Plaii 

There must be a current document outlining the comp,any''s Qual.ity Man,a,gemcnt 
strategy. The objective of this plan is to ensurc measurement data of known and 
acceptable quality. This plan shall: 

o delegate rcsponsibilty for the viarious activities th,at comprise the 
quality program; 

o define the mechanisms established to assure completeness and 
intep*ation of all components of the program; and 

o define reporting channels for professional and other departmental 

QA activities. 

3.2.1 Stalf QM Responsibilities 

The Quality Management ,Plan shall describe the roles .an,d responsibili,ties of 

management, supervisors, and the Quality Assurance Officer. 

Typical, Quality Management activities will include: 

o identifying staff roles and respoiisibilities; 

o establishing laboratory policy, guidelines; 

o establishing operational, protocols, procedures; 

o verifying implementation of all QM/Q:A/QC activities; 

o auditing system, procedure .and perfo'nmance ,and verifying contt'ol 
status; 

o ensuring Q,A/QC info'rmation is acted on, and reporting frequency 
and impact of coniiol failures and actions t^n; 

o other related activities. 
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3.3 Data Quality Oy ectives 

There must be a cunent docimeiit wMch descii'bes the data quality obj^ectiYes of the 
laboratory clieot and the process whereby they will be met. A specific person should 

be respoiisiblc far establishing this Dala 'Qpality plan. 

3.3.1 Data Quality Planning 

Typical data quality planning needs include: 

o definition of project objectives; 

o definition of data needs; 

o definition of data quality needs; 

o selcctiott of parametera to be. meas'ured; 

o planning of field activities where needed; 
o selection of field procedures; 
o selection of .analytical methods; 

o definition and planning of project QC; 

o documentation and audits of project quality; 

o definition and documentation of limitotions; 
o other related planning activitiei. 

3.4 Qiiality Assurance MaBual 

There must be a current document oullining the Data Quality; Assuratice program. 
This document shall cover the areas of quality asiurance .and assessment, and the 

mechanisms established for problem detection ;and conection. 

3,4,1 Supervisory QA Tasks 

The Quality Assurance manual should identify .and describe the routine .activities of 

supervisoiy personnel with re.speci to quality as-surince. 

Typical supervisory QA activities will include: 

o documentatioi and supervision of methods; 

o identification of critical stepi in the method; 

o definition of control activities and frequency; 

o definition of control protocols; 

o monitoring performance; 

o follow-up on problems identified; 

o between method. comparis.ons; 

o between laboratory comparisons; 

o other related activities. 
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3.4.2 Systeni Perfoimance Assessment 

The Quality Assiirance. manual should address the protocols avallible for assessing 
the pcrformaiioc of all significant components within the lest measurement process. 
Typical system, QA will monitor: 

o the analyst (sMUed,, experienced); 

■o laboratory facilities (clean,, well-equip'ped); 

o the sample (valid, representative); 

o sample preparation and the .anialytical process (rugged, 
appropriate and well-documented); 

o Ae measurcment system, (sensitive, stable, and properly 
calibrated); 

o data reporting (pro'perly evaluated, and qualified); 

o 'data interpretation (vaii conttoUed); 

o 'data management (secure, accuraie). 



3,.S QMalitj Co'ntrol Manual 

There must be a current document outlining the laboratory's Quality Control 

activities and protocols. This document shall cover tie .areas of pre-service .and 
in-service QC checks.,, run conttol .and data quality documentation. 

3.5.1 Pre-service QC 

The Quality Conttol manual will include a description of 'the .activities required of 
the individual analyst to monitor and ensure the suitability of laboratory reagents, 
supplies, equipment, instrumentation, etc., prior to use. 

TypicM pre-service QC acti'vities will, ,address: 

o cleanliness of labwares,, rc..a,gent purity; 

o equipment operation, instrument stability; 

o insmiment de.iector conditions, dri,ft, noise,, response factors, 
retention times, etc.; 

o calibration ,zero, slope, curvature, day-to-day stability; 

o background noise, matrix effects; and 

o other supply-related quality concerns. 

3.5.2 Bi-Service QC 

The Qu.ality Conttol m,anu,al will include a description of the in-service qu.ality checks 
performed, to monitor the performance of the method, the insirumentation, aii,d, the 
andyst during analysis ,and measurcment. These m,ay include checks on field 

activities and sample quality. 
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Typical checks oo in-service quality include: 
o^ reagent (method) blanks; 

O' insfrumcnt seusitivity .and fesponse stability checks; 
o equipment maintenaEce checks; 

o^ spot checks on staflf technique, staff retraining; 
o inter-method, inter-lab, inter-analyst checks. 

Typical checks on sample quality include: 

o container quality checks (travelling blanks); 

o field equipment evaluations; 

o field insfrumentation checks; 

o sampling procedure (field spikes, duplicates); 

o spot checks on staff technique, staff ttaining. 

3.5.3 QC Records 

The Quality Conirol manual will include examples of QC record formats, control 
charting, discussion of actions to be taken, and regular sign-off by supervisory and 
quality assur'ance personnel- 
Time sequence charts of information such as instrument response, incubator 
temperature, can be drawn to show an expected value and action limits. They provide 
a visual record of operating conditions, and are of use for monitoring ttends and for 
initiating equipment maintenance activity. 

3.5.4 Rim Quality Documentation 

The Quality Conttol manual will describe the activities and procedures followed to 
evaluate and maintain the control status of an analytical run, and the action to be 
taken when problems are identified. 

Typical dc^umentation of an analytical run will include the results obtained for: 

o method blanks; 

o calibration control standaiids; 

o method conttol samples (in-house); 

o reference standards (accuracy checks); 

O' refercnce materials (method recovery checks); 

o duplicate analysis; 

o recovery of method 'spikes* 

(matrix effects, digestion or extraction efficiency); 
o recovery of pre-injection 'spikes' 

(intemd standards, surrogates, etc.); 

plus other checks as needed for specific insorumentation,, sample mairices or steps 

within the analytical method. 
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3.5.5 Performance DociimeEtatioii 

The QuMity Control m,an'iial must specify procedures used to siii]nm.ari:» and report 
pcrfonii,aiice, Conttol charting is sttongly recomnicnded for those systems subject 
to chronic systematic variation. 

Typical run performance reports will address: 

o repeatability (within-run duplicates); 

o reproducibiity (between-ruEj, betw^'een-analyst conttol); 

o method niggedneSiS, recovery; 

o insttument conttol (stability, sensitivi,ty,, response, linearity)- 

o accuracy of standamis ,and calibration; 

o blank coiTCction estimation .and contt-ol; 

o matfix effects, interferences, etc. 

3 J Ao.dil Manual 

A QA Audit m,anual should be available which describes the mechanism for 
independent verification that all required QA/QC activities are implemented,, and 

that the quality of dam meets the required standari. Audits should evaluate Ae 

accuracy and ttaceability of standaids, the documentation,, proper implementation, 
and controlled perfomiance of .analytical procedures, the data qudity documentation, 

qudity of materi,als, maintenance of equipment, the routine laboratory operational 

practices, and 'the overall quiality m,anagement system. 

3.6.1 Audit Activities 

Audits may include acti,vi:tics such as: 

o inter-laboratory comparisons; 

o submission of check standards/samples; 

o internal blind checks prepared and distributed by an independent 
source within the company; 

o inspection of analytical and related procedures; 

o inspection of QA/QC records and related m,ainten.ance log-books, 

etc., iEclu'ding contfol status evaluation; 

o evaluation of operating practices 

o ev.al:uation of the quality management system, 

3.7 Control Charting 

Control ch,£ffts are primarily used to evMuate the end result of a process .although 
they .also h.ave use in ensuring iie continued quality of critical components. Control 
charting is sttongly recO'mmended, for those systems subject to chronic systematic 

v.ariation. The major source of between-run, (systematic) e.iTor is ■the 
rc-stan'dardization or calibration step which assigns correction factors for the 
intercept .and slope of the response vs conccntr.ation or weight curve. 

Although most appreciate the use control charts for detecting outliers, there is less 

aw.areness of their use in ^detecting and preventing tends. Trends are often induced 
by inadequ.ate attention to ensure, accurate calibration of analytical instrumentation. 
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The estimates of the average and standard deviation for a specific set of data are 
independent of the order in which the data occurs. But, if the data happens to be 
ordered in sequence from lowest to highest, one would recognize a trend, which 
would suggest the analytical system is drifting significantly. Such drift must be 
prevented. This is assured by establishing between-run control and warning limits 
defined by the within-run estimate of repeatability (S^). The principles and 
procedures of control charting are described in a number of the texts in section 12= 

3.7.1 MOE Coetrol Practices 

The following is an overview of the various conttoi procedures used in Ontario 

Ministry of the Environment (MOE) labs. For more detailed information refer to the 
reading list. The con'trol procedures include;, 

Shewhart cono-ol charting, 
Two-Sample con&ol charting, md 
Single sample confrol. 

In, general, where slope control is a particular problem, or the blank is known to be 
an insignificant source of day-to-day variation,,, 'the Shewhart, conttol procedure based 
on duplicate analysis 'Of a single contol sample is acceptable. This technique is 
deicribed in detail in texts on statistical qu.ality conttoL 

When_the slope is reasonably well controlled,, the Two Sample option is prefeired 
since it ■distinguishes between slope and blank related sO'urces of syslematic error. 
This procedure, developed by King, based on the two-sample Youden procedure for 

interlaboratory comparison ,, has been in use in MOE labs since 1972. 

The Single Sample option is the least accepteble option, because it does not readily 
distingiish between random and systematic sources of calibration variation/eiror. 

,3 .,7.2 Shewhart, Control: ,Average and Range Charts 

A single sample is set aside as a *conttor'. It is .analysed in duplicate once per batch 
to yield results Xj and X^. These values .are used to calculate a range (R) and an 
average (K.„^), The average range (R,^) over a period of time is used to estimate 

within-batcli repeatability (R^^ = 1,.I2#S^) and to set conttol limits for the range 
and average. 

This procedure detects between-mn systematic error in the average result, by 
applying contol limi,ts based on the repeatability, 'The control limit for the average 
is set at 1.88 R„g or 2.12 S,. Since die confidence interval for the average is 1.414 

.times tighter than for a single vdue, this approach is 'equivalent to but more powerful 
tiian a 3 S limit on a single result. Warning Mmits are set at 2/3 of the conttol limit. 

Sy,stematic error can be inttoduced by cither s,l,ope or blank, correction bias. This 
technique re,sponds indiscriminately to both. Users must avoid the tendency to 
'correct' the slope without checkiiig first for a possible error in the blank or 
background coirection. Otherwise the proper co:'rrective action may not be^ taken. 
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3.7.3 TwO'-Sample Control: Sum-Difference Charts 

Two control samples (A .and B;) are selected to cover the bottom md top; end of the 
operating scale, for example, at 25% and 75% of full scale. Each sample is analysed 

once per run. The indi¥idual results, and their sums and differences are recorded. 

The standaiil, deviations (S,, and S j for these two conttoi samples can be calculated 
over a period of time, and compared. If the ratio exceeds about two then inadequate 

control of slope may often be the cause. 

The difference between the two contol results is a direct measure of slope. If the 
differences arc reasonably stable ;and less variable than, the sums, systematic error 
in, 'the sum can be dcrecdy attributed to faulty blank or backpound correction. 

As long as the slope is in reasonable control,, the standard ■deviation of the differences 
(Sj) is an estimate of within-batch variability, and is approximately 1 .414 larger than 
S^. Control limits for differences are set at ±3 S4. Warning limits are set at ±2 S^. 

The standaid deviation of the sums (S J is a meaiurc of between-batch vari,ability 
(S). If the ratio of S, / Sj exceeds IJ to 1.5, then poor control of systematic error 
can be inferred. To forestall this, the conttol limit for the sums is set at ±4 Sj. 
Warning limits are set at ±2 S^. 

3.7.4 Single Sample Control 

A single control sample is andysed only once per batch. This approach is much less 
powerful in detecting bias th,an the previous two procedures. The standard devia,iion 
of the accumulated conttol data is a between-batch estimate. Ob'viously,,, in as much 
as the prooess is not already under s'tatistical, conttol (i.e. 'there are ttends in the data 
over time),,, the control limits will be loo wide. 'The conttol limits for such data, must 
not 'be calculated from the dam itself 'because of the strong likelihood that the process 
is not adequately controlled. 

An independent estimate of within-batch variability (S^,) is requted, in order to set 
proper conttol limits. Conttol limits, should be set at 4 S». W,aming limite .are set at 
2 S^. If a result is found to be out of conttol,, other QC d,ata is required in order to 
assign a cause. 

One mechanism for evaluating the possibility of systematic error in data from a 
single conttol sample follows. 

Adjacent results can be paired (as duplicates) and used to calculate a standard 

deviation. If this esiimatels less th,an ,2/3 of the estimate obtai,ned using all the data,, 
one can conclude that the data includes a significant component of drift (i.e. is not 
randomly distributed over time), and is probably out of statistical conttol. 

3.7.5 Estimating Standard Deviation 

Method repeatability is estimated by calculating the standard deviation of a series 
of replicated measurements representing within-batch, skilled analyst perfoirm,ance. 

Under conttoUed, conditions (i.e. within a single batch of trials), a well documented, 

and proven m,ethod is expected to provide a certmn level of repeatability. 
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Note however, that the observed estimate (S) can deviate from the actual value (o) 

by as much as 50% depending on the amount of data collected. And the population 

value is expected to change slightly from day to 'day mid from, .anMyst to .andyst 
depending on skilLand materials available. 

The replicate anMyses should be performed, within Ae same batch, since 
betweeo,-batch analyses include the effect of 'day-to-day cMibration biases. The 

measure^mcEt of replicate ^analyses ihould be spaced throughout the run 'Ci.e,. not, 
sequentially). 

The within-batch standard deviation S,^, can be estimited by; 

a) multiple replicate analysis of a single sample, 

b) duplicate an,.alysis of several sa,mples, 

c) estimate based on the average range for a set of duplicates. 

For case a): 



n. (n4) 
whepe Xj = ith of n replicates 

For case b); 



2.k 

where Dj = difference between ith pair' of k duplicate p.airs 
note: individud duplicate pairs can be taken from different batches,.. 

For case c): 

S^ can also be estimated from the average difference ("raii,ge'') between the duplicate 

pairs in case b). 

S, = 0.886,5 (XD)/k 

While it is easier to calculate by hand, for a given set of data these two estimates 

will probably not be equal. This ,approach is less sensitive to the effect of 
inadvertently including within the data set duplicate pairs with unexpectedly large 
differences,. 

In general,, any 'da,!! indicative of a possible conttol problem should be excluded, 
when estimating predsion for the puqjoses of setting control limits. 
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4 ORGANIZATION 

The orgmizationM structure with respect tO' analytical services must be documented 

in terms of: 

o the mmag emcnt structure; 

o the relatioiisMp of laboratory services to other company operations;, 

o relationship to iub-contracted operations; 

o the stoffing structure wilk respect to andytical services; 

o reporting relitionsliips and lines of conamunication* 

o a current plan describing the positions and responsibiittes. 

4.1 Servicei. 

There must be a curreot document describing Ae services available and ■the way in 
which the compmy is smictured to provide them. This document wil affirm the 

god tO' ensure 'data of known and acceptable quality, 

42 Slaffiiig 

The organizati'Onal structure of a laboratoty providing an„alyses must designate the 
positions responsible for ensuring general complimce witfi this c^e. These 
positions should include as appropiiate; 

o company management, 
o laboratory director, 

o quality assurance officer,, 
o supervisory personnel, 

o scientific personEel, 

o technical personnel, 

o secretarial and clerical, personnel,, 

o related operations .and support services personnel., 

4.2.1 Laboratory Director 

The laboratory dircctor(s) must be suffi,ciently quMified to assume profession^, 

organizational,,,, md admi,nistrativc respoEsibiity for the facilities .and for Ae qudity 
of services rendered. 

4.2.2 Quality Assurance 

'There m,ust be a position specifically responsible for developing,, implementing, and 
auditting die Quality Assurance pro'gram, and verifying the production of records to 
document the quality achieved. 

4.2.3 Supervisors 

There must be a position or positions specifically responsible for the routine technical 
and profession^ operation of the laboratory facilities and the .analytical services 

rendered. 'These positions must be responsible for timely production of results of 
known and acceptable quality, as per client specificalions. 
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4.2.4 Support Staff 

There must be sufficient scientific, techmcal, and clerical positions to provide for: 

o supervision of analytical testing and data quality; 

o all specified requiremeEts for workload management and 
tfiroughput; 

o timely reporting of test results to meet client needs 

4.3 StafrQEaliicalifiiis & Training 

All scientific and technical personnel must have appropriate_ttai:ning and experience 

whicli suits them for their profesiional responiibiEties. These qii.alifications, on 
either ;an individual or class basis, should be available for scmtiEy as appropriaiB. 

4.3.1 In-service Training 

Management must provide in-service orientation and training in job-related duties 
such as safety, quality control and quality assurance, analytical procedure, standard 
operating practices. 

4.3.2 Training Records 

Records of on-job or off-job, formal and infonnal training, should be retained to 
assist in schedulin,g rctests and refiiesher co'urses, 

4.3.3 Proficiency 

Staff involved in providing analytical testing services must be fancdliar with and 
proficient in the procediires involved, and qualified to meet the apprcpiate 
requirements of this code. The mechanism,s for evaluating proficiency must be 
documented, 

4.3.4 Continuing Education 

Management should emphasize and provide for continuing education programs for 

all staff involved in laboratoty services to ensure their skills and knowledge reflect 

current advances in their field. 

Staff should be encouraged to attend meetings or seminars relevant to the 
requirements of 'their profession. 
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5 PHYSICAL FACILITIES AND SERVTCES 

The laboratory areas and associated facilities must provide space sufficient to 
perform, the tasks required, appropriate: to the analysis of trace materids., and which 
meets accepted standards to safeguard the health and safety of stiff. 

5.1 Annlytical Space and Facilities 

There must be sufficient space to meet workload needs and adequate, conveniently 
located bench space. Adequate space must 'be provided, to allow staff to perform 

■their ■tasks with, due regard ^10 efficiency, co'infort .and safety. 

5.1.1 Safety 

Storage space for reag^ents .and samples must meet ■the relevant safety land health 
re,gulations for hmdling of dangerous materials, including explosion-proof design,,, 
and security, etc., as needed. 

Special additional precautions must be taken to avoid unnecessary physical, 
chemical, and biological hazards. 

5.1.2 LaboTatoty Enviranment 

The laboratory environment must be conducive to the optimal performance of 

personnel and equipment, including light, temperature and humidity control. The 
veu'tilation system must provide an adequate .am,ou^nt of ■fiiesh Mr, and m^,ust be able 
to remove toxic or noxious fumes. 

5.2 Seitabiity for Trace Analysis 

Facilities intended for analysis of trace contMninaEts in the natural environment must 
be maintained sufficieiitly clean to ensure accurate and precise analysis at the levels 
of analyte being encountered,, within the specifications' of 'the analytical task,., 

5.2.1 Services 

The quality of air, water, electticd, gas, vacuum, and related supplies, etc., must be 
.appropriate to laboratO'ry use, and must be ■monitored m needed. 

5.2.2 Reagents 

Facilities for the preparation and storage of ultta-pure reagent water and highly 

purified solvents needed for critical ■frace .analyses must be provided. 

5. 2 J Cleanup 

Appropriate space must be assigned to provide for cleaning, storage, and 
maintenance of the labwares and sample containers needed for trace analysis. 

5.2,4 Special 

Any speci.al facilities approp'riate to ■the aji.alysis of ■tace ■materi.als as required ■for a 
specific an,,alytical services contr,^act must be provided as nieeded. 
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5.2.5 Clean Areas 

'Tlicre must be- adequate sepaiatioii of *diity* aid 'clean'" areas to avoid contamination 
of samples or analytical solutions. 

5.3 Emergencj Power 

A laboratory emergency power supply may be needed to support essential laboratory 

services, including sample storage systems, main computer systems,, etc, 

5.4 Coniputer Bickiip 

A scheduled backup procedOTe must be provided for computerized data systems and 
associated software in tbe event of power failuie or system malfiinction. 
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6 SAMPLEA¥QRKLQAD MANAGEMENT 

Adequate space most be provided for recording receipt of samples and all related 
paper work includiiig the recording and reporting of results. 

6.1 Submission Eecords 

Sample reception records showing date of anivai tests assigned, sample 
identification, client, date to be reported by, chain of custody, etc., must be prepared 
and updated as required. 

6.1.1 Computerization 

Provision for computerized logging of samples and ttacldng of analytical throughput, 
and rettieval and archiving of test and qu^ity conttol results can facilitate accurate 
transmission and retrieval of information and data. 

6.2 Sample Acceptability 

Samples must be checked for proper preservation, and stored correctly pending 
analysis. The criteria for sample acceptability, and the action to be taken if ^ey are 
not acceptable, must be defined, documented and implemented. 

6,2.1 Sample Deficiencies 

Sample deficiencies must be noted for use later when reviewing data quality. The 
laboratory client should be informed immediately of such deficiencies. Speciid 
policies should be established regarding the acceptance and analysis of questionable 
samples. 

Special attention must be given to samples where there are known or suspected health 
hazards. This could include the use of special labels and storage facilities. 

6.3 Sample Handliiig 

Samples, and solutions prepared from them, must be stored as appropriate until the 
required measurements are compleie and batch and run quality have been verified. 

6.3.1 Sample Storage 

Proper enclosures must be provided as necessary to ensure the stability of samples 
until disposal. Such facilities must provide, as appropriate to the specific sample and 
analytical requirements; 

o climate conttol (freezer, refrigerator, incubator, etc.) 
o security (locked and controlled storage rooms, etc.) 
o protection from light, 
o proper ventilation, etc. 

6.3.2 Sample Disposal 

Minimum storage times before sample disposal must be established to ensure that 
the client has an opportunity to review and examine the reported results. 

Disposal of samples must be in accord with the relevant regulations, as appropriate 
to their contents. 
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6.4 Test Assignmeiit 

Accurate records must be mmiitainei of samples received, tests requested, analyst 

or work statioti to which tests are assigned, work propcss, results, and fmal reports. 
Sample reccptioii and related recordi must be dated and initialled by the person 

responsible. 

6.4,1 Start of Analysis 

Sample holding times must be defined and analyses must be initiated within the time 

limits required. 

6.5 Workload Managemeiit 

The management of samples, test assignments, test initiation and completion, data 
reporting must ensure that the client's needs are met in a timely fashion. The 
protocols and procedures whereby this is achieved must be documented. 
Management reports on workload and throughput will aid in the re-asiignment of 
resources to prevent backlogs. 
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7 ANALYTICAL SYSTEMS 

Analytical results must be 'deteraiinei using the an.alytic.al test procedures required 
by the .analytic^ services contract, with due regard to established quMity assmance 

and quality conirol protocols. 

Analytical, systems depeed on application of a standard procedure for iample 

prepMation, clemup and .an,alysis, ,and on the proper opratlon of la,boraiO!y 
equipment and ins'trumentation. Systems must be set up and operated, to provide or 
exceed the clenf's specified 'data quality .and perfomiance requ'ircments. The use 

of accepted/recogniad, standiwd methods is reco'^mmiended. 

7.1 Supplies 

Reagents, solvents, lab wares, and other laboratory supplies must meet the quality 
require;ments essential to nrace measure.ment and analysis,. 

7.1.1 Laboratory StOTes 

La,boratory^ supplies must be of proper qudity,,, m,aintiined in adequate qumtities, 
and stored in an appropriate space with due regard for safety, stability, :an,d, sccuri,ty., 

7.1.2 Quality of Supplies 

,Personn,eI responsible for stockin,g suppUes, etc., must be kept informed in writing 
of the special requirements for high quality materials. 

Protocols must be documented far checking the quality of supplies. Recoids of such 
checks must be kept for review. 

7.1.3 Disposal 

Disposal practices for used Mid out-dated stocks, must be in accoriance wi'th die 
relevant regulations. 

7.2 Inslruitieiitatioii and Equipiiieiit 

General equipment and analytical initramentation must be provided which is 
ippropriate to the test procedures required under the contract and this code. 

7.2.1 Safety 

No equipment must be operated until it is first shown to \m in a safe and reliible 

state., .an,d th,en only by personnel who have been 'thoroughly trained, .and duly qualifiied, 
as operators, 

7.2.2 Capability 

All laboratory lequipment .and analytical insmimentation must be capable of the 
performance characteristics required to meet contract needs. 

7.2.3 Stability 

Ch:aracieriitics such as stability, sensitivity, calibrati.on linefflity, etc., must be. 
monitored regularly. 
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7,2.4 Maintenance 

All laboratory equipment must be checked .and calibrated regularly as needed. 
Records must be kept showing tiie outcome of both regul^ scheduled prcYentive 
rnaintenance, and all unscheduled repairs. 
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8 ANALYTICAL METHODS 

Analysts must ensurc, and demonsttate, 'that the methods they use will provide the 
data quality requiiied by the client. Where not otherwise specified, the laboratoiy 
must follow cuiTCEtly recognized practices to ensure that its andytical, results afe of 
known and appropriate quality. 

Methods must specify the factors requmng qudity control .and the procediires to be 
followed to forestall the generation of poor quality data. 

Method and detection system principles jhould be su'mmari'zed together with the 
expected perfomiance characterislics. These include estimatei of the method 
recovery, repeatability, ,and the Method, .Detection Limit,, the analytical system, 
se;ositivity, and calibration rcproducibili,ty. 

i.l Befiiiiticins 

8.1.1 Standard Methods 

Methods, recogniied by professional associations such as AWWA, ASTM, AOAC, 

etc,,, which have 'been subjected to rigorous criteria for meth.od development and 
verification by inter-laborato^' ,and intef-method compmson, to establish their 
repeatability, raggedncss, spccffidty, and recovery, wi'th re,spect to the me,as'ijre,ment 
of specifi,ed sample matrices., 

8.1.2 Standard Operating Practices 

General tasks related to daily l,a,bora,tory routines which must be ^doc:umented to 
ensure proper implementation. 

8.1.3 Good Laboratory Practices 

The ide,al toward which laboratories strive, to ens'ure; that their operations will be 
considercd ,acceptable in the scientific conamunity. 



Good technique based on proper education ,and training, which incorpora,tes 
appropriate documentation" of experimental puipose, tasks,,, procedures, 

ob:se,rvations, and conclusions or results. 

8.1.4 Recovery 

The ability of a method, to efficientiy and consistcntiy extract tie target an,alyte from, 
a certified reference material. Ability to evaluate the recovery efficiency of an 

lanalytical meth,od, will require an accurately calibrated measureme,nt device. 

8.1.5 Repeatability 

The .ability of a metiiiod to yield essentially the same result on rcpeated tfials,,, all 
perfomied in a single b,atch under identical conditions by die same ■techEician, 

8.1.6 Ruggedness 

The ability of a method to with,st,and reasonable vmation in procedurc' w.ithout 
affecting die repeatability of the test 
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B. 1.7 Sensitivity 

The ability of a detection system to observe and measure small changes in response 
to the analyte levels in a sample. 

8.1,8 Specificity 

The ability of a method to isolate or react only to the targeted .ao„alyte.. Interferences 
reflect a lack of method specificity and inability to adequately identify the analyte. 

8.2 B-eiicti Procedures 

Bench procedures must be documented 'in sufflcieEt detail to ensure proper 
application. They must be readily available to technical staff, and must be followed 
as described. When modifications are required because of sample matrix or other 
factors, they must be noted ,and appended to the analytical record. 

8.3 CEllbratioe 

Analytical detection ,and meas'uiement devices must be calibrated .and restandardi:ied 
regul„arly based on the documented stability of the ins'ljumentation used. 'The daily 
standardization should be conliolled to forestall betw^'een-batch systematic bias. 

8.3.1 Standards Preparation 

All working standards must be of known accuracy, and traceable to internationally 
accepted reference standards. Prep.aration procedures must be documented. 
Materials used to prepare standards must be obtained in the highest purity available 
and should not be used for other puiposes to reduce the risk of inadvertent 
contaminatioii. 

8.3.2 Labeffing 

The concenfrations and date of preparation of standards must appear' on 'the label of 
all standards along with the initials of the person who prepared it and the expiry date. 

A tracking system for standards, indicating source of material, name of prepm-er, 
■date, and other information regarding their use, stability, accmacy, etc. should be 
maintained. 

8 J.3 Validation 

Q-oss-checks of old and new standards must be performed and the results recorded. 

Maximum shelf lives must be established to ensure accuracy is maintained. 
Comparison against extem,al, sources of standards is strongly reco'imnended. 

8.3.4 Storage and Disposal 

Care must be taken in the storage and use of standard solutions to assure their accuracy 
and to avoid sources of contamination. 

Disposal practices for used and out-dated standards must be in accomdance with the 
relevant regulations. 
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8.3.5 Reference Standards and Materials 

Laboratories must routinely analyse appropriate reference standards .and materials 

to demonsttate efficient method recovery and analytical accuracy and precision. 

S J.6 Reference Standards 

Eeference standards are essentially single component materials of known physical, 
and chemical properties, specially verified by physical procedures to be of a specified 

pmty:. They .are used to establish the accuracy of :second»y standaiTd.s and of any 

solutions prepared from them for the pui^se of calibrating aEalytic.al detectio.n 
systemsi. 

8.3.7 Reference Materials 

Referencejnaterials are natural samples similar in maMx to the real samples to be 

analysed. They have been thoroughly tested by a variety of meth'Ods and laboratories 

to establish an expected value for one or more sample constituents. They .are used 
to evduate method .and an.alyst precision and efficiency,. 

The cerffi,ed value of a reference material is often staled as falling within a range 
of values. This range depends on the nature of the ma,terial,,, its homogeneity, the 
method(s) used to cert,ify it,,, and 'the ■peiformance of 'the laboratories that participated 

'in the certi'ficari,on,. 

Rigorous cri'teria are .applied 'to ensure the validity of a ce.rtified val'ue. There'fore, 
'under con'trollied conditions, the average of a reasonable number (e.g. n=9) of 
repeated analyses of a reference materid should not differ from the certified value 
by more than $Jm. If these criteria .are not met, the competent aii,alyst will 'take 
other steps to re-afirirm the accuracy of in-house standanis, and the proper use of the 
'method as compared to the standaid meth^od, before deciding that 'the certi,fied value 
for th,e ma,terial, m received does not apply. 

8.3.8 Interlaboratory Studies 

La.bora'tories should participate regularly in relevant intc.r- la.bora'.toiy perform,an',ce 

evaluation studies , to ascertain and veri,f y co'mparability with ;pee'.rs. Such evaluations 
should be based, on at le.ast two samples (using Youden*s two sample technique for 
detec.ting systematic e^rror). It is preferable to use .at least six samples over the 
calibrated operating range of most of the participan'ts. This 'will then permit be'tter 
evaluation of laboratory precision,,, slope .and blank biases,, erratic ck,ta,, or O'ther 
analytical difficulties. 

i,4 Method Perforinaiice 

Method performance factors must be evduated regular'ly., .Defimtions 'for the 
following terms appear in section 9. Method performance is characterized by 
repeatability, recovery, and specificity. (Accuracy and reproducibility depend on the 
accuracy of S'tandards and the calibration conttol procedures.) Note th,at die vdldity 
of the method will depend on the type of sample, the specific constituents that may 
or may not be present, and their impact on the method and detection system used. 
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8.4.1 Detection Sensitivity 

The measyrcmcnt detection system must be sensitive enough to measure the 
repeatability of the method. The sensitivity should be adjusted to .allow measure.meni 
of the variability of the an,alytical methodology, within the routine operating range 
required for the samples being analysed. 

Reading increments not larger than 0.5 to 1 times the within-batch standard deviation 

(S J' .are needed to obtain valid estimate's of rcpeatability. 

8.4.2 Analytical Repeatability 

Method repeatability must 'be determined regularly by within-run replication of 
typical samples, spiked as necessary with known standards to provide a measurable 

concentotion. (See isection 3.7.5 on estimating standmd deviation S J 

8.4 J Meiiod Detection Limit 

The minimum level of replication when detemiining S„ for the purposes of 
cMculating a Me&od Detection Limit (MDL) is eight. The MDL must be ■determined 
by andysis of typical samples or reagent water, spiked as necessa^ to provide a 
concentotion which is in the vicinity of the mticipated MDL. It should ''then be 
verified by duplicate andysis of routine samples or spiked blanks, accumulaited over 
a significant period of time. (For more details refer to the MOB report "Estimation 
of Analytical Method. Detection Limits") 

8.4.4 Metfiod Recovery 

The method recovery must be verified on a regular basis agaiost certified reference 
samples of an appropriate mattix. The recovery must fall witiiin the accepted limits 
for the reference material. (Simul'taneous verification of calibration accuracy using 
a reference itandard, is recommended to ensure proper interpretation of die method 

recovery check.) 

8.4.5 Method Quality Control 

Laboratories^ must implement routine quality control (QC) practices, including 
conttol charting as necessary, to show the stability of ^equipment .and instrumentation, 
the purity of essential reagents and solvents, and the overall performance of analytical 
systems. 



CODE OF PRACTICE 29 



9 ANALYTICAL CONTROL 

Pro'tocols must be established to ensure identification and corrcctioii of sitii,ations 
where method or run quality fails to meet spedflcatioiis. If it becomes necesiaty to 

re.port data for which there are quality^ problems, the client must bc^ informed of tie 
nature of the problem , and of its possible impact on data interpretation. 

Note 'thai 'the presence of error in a specific result can only be ■inferred by reference 
to replicate measurements of 'the sample .and to tie relevant quMity control idata for 

the metiod and for the analytical ran in which the result was obtained. 

9.1 Dermltions 

9.1.1 Pfecisioii 

Ability to limit tie sprc-ad of replicate meas'uremen'ts rela,ti¥e to their average, in a 

manner which approximates the bell-shaped normal disiribution. 

Precision is characteri,zed at three levels: 

- the repeatability of a method by a single analyst within a single batch 

of replicate trials within a single laboratoiy, (excluding tie effect of 
calibration variability); 

- 'the reprodocitiHitv of a methM over a period of time or among a poup 

of analysts within a single laboratO;ry, (p'rimarily a function of 'ihe abili'ty 
to maintain conttol of the calibration process); 

- the precision of a method among analysts from different laboratories 

•andysing portions from the same sample, (primmly a function of 'the 
comparability of calibration standards and calibration contfol protocols). 

9.,L2 Acciiracy 

A ch,aracteris'tic of the 'measurement device, achieved by careful, controlled 
calibration against standards tf aceable to primary internationally defined reference 

standards.. 

Ability 'to ensure., on the basis of deliberate conttol activity, that the average of 
repeated measurements of a .known reference standard will be acceptably close to 
the (defined) true value. 

It is important to di,S'tin,guish between the defined accuracy of a primary standard, 

and the implied accuracy of a calibrated measurement device. Analytical data 
Validity' is then a composite of the; 

o accuracy of the laboratoiy's stantod, 

o accuracy of the calibration procedure and technique,, 

o repeatability of the metiod, 

o recovery/efficiency of the metiod, 

o degree of control exerted to maintain the above, 

o interaction of sample maMx, method, and detection system, 

o skill and experience of the analyst. 
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9.1.3 Bias 

A systematic difference betwee'ii two sets of data, or a deviatipn of an. average 'from 
an expected value, due to errors or ioadeqoacies in field or laboratoiy 
methods/techniques, or by errors in calibration, blank, recovery or other coniection 
factors. 

9.1.4 Control 

Deliberate action,, taken to prevent bias, by iden'tifying .and reacting to unexpected 

single results or tends, in the average of a sequence of results, bas^, on: 

o definition of an expected value 

o designation of control limits to identify errors 

o an action plan to conrect errors 

9.1.5 Determinate Error 

Excessive chronic vmability induced by improper technique or operations, such as 
chronic dust contaminatioii, * dirty fingers', inadequate sub- sampling, etc. 

9.1.6 Indeterminate Error 

Excessive vmability in a data set for which no assignable cause can be detenmned. 

9.1.7 Systematic Error 

A bias common to a sequence or batch of results, frequently induced by indeterminate 
or determinate error in a standwd, or in the use of a standaid. 

Examples include use of a contaminated standard, improper correction for a method 
blank, failure to correct for curvature, inadequate verification of recovery correction 
factors, or any other factor affecting the coraect standardization of an analytical 
method, 

9.2 Run and Batch Control 

For the purposes of establishing appropriate response to a conlrol problem, the 
* batch' operations of sample prep.aratlon and cleanup, which .affect ;analytical 
repeatability and recovery, are distinguished from 'the ''run* operations of calibration 
and instrument operation which affect accuracy. Note that several batches can be 
run together under a single calibration. 

9.2.1 Batch Processmg 

Samples should be prepared in ^batches* which include reagent blanks, method 

blanks,, recovery checks, duplicate analyses, etc. This control data may lead to a 
decision to reject the batch and to re-prepare and mMyze the samples involved. 

9.2.2 Rim Processing 

Once the detection system has been set up, stabilized, and calibrated, several 'sample 
batches* may be processed together in one 'run'. The run quality should be assured 
by use of appropriate calibration control materiali, and reguliff re-an^ysis of a 
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reagent blaiik,, low and high standards. These will monitor calibration accuracy, 

baseline s'taMity, response stability and linearity, and oAer time-related effects. 

'This data may lead to a decision to re-meagin-e the prepared andytical solutions,, 

9 J Reproducibility Coetroi 

Two types of imprecision c,an, 'be attributed to: 

o repeatability of a method within a *batch" of measnrements, and, 
o reproducibility of calibration between *nm*„ 

Under conttoUed conditions, between-run precision should not be ,p-eater than 1.3 
to 1.5 times the wi'thin-batch variability. Failure to^ meet 'this stan,dmd suggests 
inadequate conttol of accuracy, 

9.4 Acciiracy Control 

Two aspects of accuracy can be distinguished based on: 

o the accurate use of accurate standards needed to calibrate the 
measurcment system 

o the efficiency of the andytical method. 

Eeference materials are generally available to evaluate both components of accuracy,. 
One must ,af firm the ,accuracy of in-hou,se standards versus reference standaMi before: 
attempting to evaluate the rccovery/efficiency of the method. 

9.5 Perfformaiice VerfficatioE 

Management must provide for external and self-audit of the laboratoty facilities, 
equipment, methods, and appropriate operating records to ensure tiiat minimum 
acceptable practices are being defmed and followed. 

Ministty officios must be permitted to review the laboratory operation., on a need 
to know basis,, to ev,aluate implementation of this code as it relates to specific contract 
or regulator work. 
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10 DATA REPORTING 

Reports of analytical results must include or be accompanied by units of measure, 
a method code or reference, and any important remarks conceming the sample or 

malysis w'hich may affect data interpretation. A. data quality statement is highly 
iesiiable. 

10 J DeOnltioni 

10.1.1 Significint Figures 

In measurement, those figures are considered significant which are in the same 
decimal position, or to the left of, the most significant digit of the calculated analytical 
standard deviation. Leftmost zeros are used only to locate the decimal place. The 
result 0.00001234500 appears to have 7 significant digits, since the rightmost zeros 
are considered significant. 

e.g. if die standard deviatiion is 0.0023 

and, the measured result is 1 .230456 

the indicated, digits are significant ^.^^ 

10.1.2 Reporting Incremeiit 

The inte^rvd between successive reported values, inttoduced by rounding or 
truncation of non-significaot figures. This intervd should be smaller 'than, the 

measured ,aii,alytic,al standard deviation., 

e.g. if the s'tandard dcvi,ation is 0,0023 

results are reported to at least the nearest 0.002 

10.1.3 Reporting Limit 

The point below which measurements are not reported. Typical altematives for a 
reporting limit include: 

o the reading/reporting increment (RI) 

the instrument detection limit (IDL) 

o the method detection limit (MDL) 

o the limit of quantitation (LOQ) 

o the practical quantitation limit. (PQL) 

The definitions for these terms are relatively arbitrary depending on the various 
professional or government agencies which use them. They are often pui^orted to 
provide a certain level of statistical or professional confidence in the probability of 
analyte being present in the sample. 

10;. 1.4 Low Level Qualification Limit 

The point above which the professional analyst has confidence in both the qualitative 
andquantitative validity of the result> In otherwords, the analyte causing the response 
has been adequately characterized and identified, and the amount reported is free of 
significant bias. 
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10.1.5 Detection Limit 

A criterion used to assess the presence of malyte in a sample, based on the issymption 
tliat the analyte is not preseiit. It is a statistically defined point above which there is 
less than i specified risk of *type F and *type II' decision error. It is determined as 
a factor times the known repeatability of measureuient under standaid conditions. 
It does not incoiporate an aHowance for bias, misiientification, mder-recovety, or 
sources of sample matttix effects. 

Type I Eiror: a 'decision that analyte is present in the sanaple, when it is not 

present 
(i.e. false postti've decision error) 

Type II Error: a decision that analyte is not present, when in fact it is present. 

(ijc. Mse negative decision erroi) 

10.2 Rouiii-0ff 

Data must not be rounded off in excess of the established repeatability of analysis 

as es'timated by titie standanl deviation ob'tain,ed by replicate an,alysis of typical, 
samples or spiked blank samples, performed wiMn the same analytical batch. A 
third significaiit dipt may be Aopped or rounded-off if the clieEt indicates no need 
for three significant digits. However, in order to avoid a reporting increment of 
peater thmi 5% of 'the reported v,alue, the thiid, fi,gurc should not be rounded, off or 
truncated when the leftmost signific.ant figure is a 1. 

e.g. ass'uming that tiie s'tandarf, deviation is about 0..0002, one should normally report 
in increments of about 0.0002 , however 

.given 0'.0234 one may ttuncate to 0,023 

i.e. report to nearest 0.001) 

(an increment of 0.001 is < 5% of 0.023) 

given 0.0136 one should report to the nearest 0.005 at least 

(not round to 0.014 or mincate to 0.013) 

10 J Verfflcatioii 

Data must be verified using available cross-checks, such as upstream vs downs&eam 
results, ion-bal.anoe„ total greater than, idissolved,, parameter ratios, etc., wltiiin the 

tolerances of analytical, precision. 

10.4 Data QMalitj 

'The overall quality of analytical data must be eval,uatcd in terms of sample ma,lrix 
effects, meth'Odolopcal effects, ;and measure.ment system (e.g. insmi,mental) effects. 
"'The basis for evalu,ation should include knowledge of meth,od recovery, sample 

mamx, interferences, mal,ytical repeatability, method detection limits., calibra,tion 

reproducibility and accuracy.,, and other sources of bias. 

Rpoblems which might 'impact on instoi,mental (ru.n) or meAod (batch) data quality 
must be evaluated ;and corrected,, where possible, before analyzing samples. 
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10.5 Data Interpretatioe 

Four statements can be made about ae analylical measured result (MR), assuming 
the absence of bias or other error. The preset criterion, is set at a statistically 

determined factor times the malytical standard deviation.. 

a) analyte is present in a range centered on MR, 

b) analyte is present in the sample at a level > zero, 

with a specified risk of anal3fte being absent (e.g. <14%) 

c) analyte is not present in the sample at a level exceeding 

MR, + a preset vdue 

d) analyte is not present in the sample at a level below 

BklR, - a preset vduc 

These statements are based on the known repeatability of the analytical method. The 

risk of the statement being incorrect can be determined from statistical tables. For 
the pu^oses of the example we will assume that the limits for cases b), c), d) is 3 
times S^. In case a) the probable range is plus or minus 2 times S^. 

Example: A measured result of 0. 123 is obtained for a test with a standard 

deviation of 0.057 based on a toge number of replicate 

measure.ments. 3 8^^0.171, 2S.„, = 0'.114. 

We can conclude: 

a) The sample does contain an amount between 0.000 and 0.237 

(risk of eiTor is <5%) 

b) There Is a risk of <15% tiiat a result of 0.123 could be obtained 

from a sample which does not contain the analyte. 

c) There is very little risk that the sample contains more than 

0.294 

d) The risk of a sample containing analyte at a level below the 

criterion MR, - 3 S^ would not be assessed until the measured 
result ,is > 3S^. 

Note: In case b) the Detection Limit (DL) is normally set to ensure a false positive 
decision risk of <1 %. When a result is below the DL, we cannot conclude 

with certainty that the analyte is present. If we do so, there is a possibility 
of a false positive decision. However, in this instance the risk of a false 
positive is less tfirn about 15%. The suspicion that analyte is present is 
supported by the range given in case a). Failure to report this measurement 

may cause Ac da,ta u,ser to conclude inoO'iTCCtly that the analyte is absent 

(i.e. a false negative decision e.rror). 

Note: If we wish to put an upper or a lower limit on the possible content of a sample 
we should use case c) or d) respectively. 

10.6 Low-level Data Eeporting 

The client's specific data reporting requirements must be determined in advance. 
The two alternatives .are: 
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a) to report results ONLY when they fall above a predetermined level, generally set 
at a factor times the standard deviation of the method. These reportiiig limit options 
may be based on: 

statistical principles; 

-MDL (MeAod Detection Limit) = 3S 
-LOQ (Limit of Quantitation) = 2I^L 
-PQL (ftacticalQuant'n Limit)- 5^©L 

or on 'data us© criteria; 

- not lower 'than, (e.g. 1/lOth) of the hedth or othm 
relevant water quality standffld, etc 

b) to define a reporting limit (W) in the range OJS to S and to report ALL results 
equal to or greater than W, but to qualify results as ^tentative' or 'trace* using a code 

such as <T when 'they are below a predetermined level T set at some factor (e..g. 5 
or 10) times W. 



10.6.1 Option a: Withhold (e.g. <DL coded) 

The MDL: is the pomt above which there is < 1% risk of falsely concluding tiiat the 
analyte is present at a non-zero level. The actual factor depends on 'the amount of 
data used to calculate S. 
It is based on purely statistical principles. 

The LOQ (one perspective) is the minimum level that must be in the sample to ens'ure 
that a result lower thm MDL will not be observed (risk of <1%),, based on purely 
statistical principles. 

The PQL is an .arbittary level chosen on &e premise that eirors due to bias or 
mis-identification will be^ ncgli,gible above this level. In as much as many analytical 
calibration ranges do not extend beyond 50 to 100 times S, die PQL rcpresents a 
result greater than about 20 to 30% of the calibrated range. 

The choice of one of 'these Mtematives is relcv:ant when ■there ,are measurable .Miiounts 
present in the samples of interest, .and there is no need to report ''trace* level 
measurement data. It is usually recommended based on the need to avoid 'false 
positive* action (i.e. to avoid 'taking unnecessary action). 

This option cm lead to a high risk of 'false negative" decisions, (i.e. failure to 'tidce 
necessary action) when the levels generally encoujitered me at or below the chosen 
reporting limii 

10.6.2 OptioE b: Report (<W, <T coded) 

In as much as .analytical results .are ''digitized' on the basis of a reading increment 
M, which should be not greater tiian the analytical standard deviation, any result 
which ii less than one increment firom zero represents a ■*,zero" meas'urement. The 
reporting limit W can be set equal to RI. 

Results below W are deemed to be *zero results' and are reported as the value of W 
qualified by the code <W. 
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Results equal to or pctter thfui W, but below some higher value (T) are considered 
to be 'trace results*, Qptton a) does not report ttracei. Option b) does report the 
measured trace vidue. But such results are qualified as being unreliable by use of a 
remark co<te such as <T. 

The following is a discussion of the rattonrie for- this practice. Also refer back to 
lection 10.5. 

The risk that a result greater than a specified factor times S^ will be obtained from 
a sample containing none of the analyte can be determined from the statistical l-table. 
Alternative values for the factor *t' are given in the following table along with the 
risk of a poor decision. 



RISK 


t-factor if 


t-factor if 


of false 


S^ based on 


Sybisedon 


positive 


8 replicate 


>4i reolicate 


<40% 


^6 


<.26 


<30% 


.55 


<.53 


<20% 


*90 


<M5 


<5% 


L9 


<1.7 


<1% 


3.0 


<2.4 



Any result greater than about 0.25 S suggests the presence of an analyte in die sample 
with a risk of error of <40%. Results greater than 0.9 S should occiar less than 20% 
of the time if the sample contains none of the analyte. 

When the samples arc expected to contain 'trace' levels, failure to report ttaces (as 
opposed to 'zeros') can forestall the detection of potentially hazardous contaminants 
in die environment. Provided sufficient data is gathered, the distinction between a 
*zero result' and a 'trace result' achieved by use of this option, may permit orend 
analysis or preliminary isoladon of parameters of concern, 

1,8.7 Remark Coiei 

Analytical results should be qualified to reflect problems related to sample matrix, 
interference, potentiM under or over recovery. 
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11 RECORD'S AND DATA. M ANAGEMENT 

Analytical re:sulis must be recorded and archived along with the info'imation required 
to ens'urc 'iraceability to all associated procediiral,, quality contt-ol and perform.aiice 
evaluation records. An acrchiving policy must be established to cns'urc secure 
retention of analytical and QA/QC records until destfuction is authorized by tie 

laboratoiy client. 

11.1 Operational Dcicuiii.eiitation 

All proc^edures md operating practices associated with the processing and 'tracking 
of samples, the collection and reporting of quality conttol information, and the 
collection and reportiig of analytical test results, must be documented, 

11.1.1 Dociimentation Approval 

There shall be a protocol for approving new documentation and for removing old 

or obsolete documentation from service. 

11.2 Data Management 

The ^proceduTTCS employed, for co.Ilection and .archiving of analytical, results, an.d. 
associated data management must be documented. These will include: 

o verification 
o reporting 
o retention 
o securi.ty 

Typical. analyticM records include: 

o equipment and instrument mdntenanoc logs* 

o analytical run records; 

laboratO'ry work books; 

o instrument printouts, charts, etc.; 

o quality control data; 

o quality assessments.; 

o final reports; 

o sample reception records; 

o chain of custody records; 

o oAer related. documentati.on. 

11.2.1 Analytical Records 

Operatioiial log-books showing tests assigned, the analyst rcspOEsible, and related 
■infoirmation n^ed to process samples, must be mmntai.ned. 

Andytical workbooks must record the 'date and time analysis startled, the an.alysts 
participating, the analytical run(s) within which analysis and measurcment was 
performed, and all related quality conttol observations. 

11.2.2 Quality Control Records 

Laboratories must .maintain .all records necessary to show that the analytical systems 

i.sed were in con&ol at the time services were provided. The results of 'these quality 
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conttol and perfomiance monitoring checks should be sepm^tely tabulated and 
summarized for ready retrieval, evaliiation, and andit. They must be retained for 
review by the laboratoiy client. 

1 1.2.3 Record Security 

Records should be stored in a manner that ensures their security and physical 

protection. A retention time should be estiblished for each type of record. 

11.2.4 Record CO'trections 

A protocol for correcting data or records or reports must be established. Corrections 
to data should be made in such a manner that the original data is legible. 

11.2.5 Data Base Corrections 

A protocol must be established for timely conection of information or data in 
computerized data systems. This protocol must ensure data base security and must 
provide for an audit trail of any comections or changes made to the data base. 

11.3 Record Review and Approval 

Analytical reports and associated records should be reviewed and authorized before 
they are released to the client. Records relating to data quality should be available 

on request for client evaluation .and review. 
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12 REAPrNG LIST 

The mMytical and quality control literatmie provides innumerable references on the 
planninig and management of qoality in the environmental laboratory setting. The 
text "The Chemical Analysis of Water" by D.T.E. Hunt and A.L. Wilson, includes 
a number of lists of refercnces to relevant papers. 

Certain authors, in p.aiticular, W..J. Youden, A.L. Wilson, and J.K. Taylor are 
invaluable. A number of associations and institutions such as AOAC, AS'TM, ISO', 
US-EPA and NBS, CSA, prO'Vide guidelines refarding the type^ of documentation 
expected in order to be prepared for a laboratory iEspection or accreditation. The 

following indicates some of the books and papers available. 

12.1 General Literatiirei 



Keith, L.H. Et Al 

Kirchmer, C J 

Taylor, J.K. 

Glazer, J.A* 
EtAl 



CheesemaE,R.V. 

A.L. 



Kirby,J.K. 

McDonald, R.H, 
Reilly, P.M. 

Wilson, A.L. 



Wilson, A.L. 



"Principles of Environmental Analysis"; 

ACS Co'Dimittee on Environmental Improvement, 

AEal.Chem., 1983, 55, p2210-2218 

"Quality Conttol in Water Analysis"; 
ES&T, 1983, 17,pl74A-181A 

"Quality Assurance of Chemicd Measurciments" 
Anal,.Chem.,1981, 53, pl589A 

"Trace Analyses for Wastewaters" 

ES&T. 1981, 15^pl4264435 

see .also Letters ES&T, 1982.16, p430A 

Wilson, "Manual on Analytical Quality Contt-ol for 
the Water Indus&y"; 
Tech.Rep,66, WRC: England, Jan 1978 

"Is yO'Ur Policies and ftocedures Manual 
Up to Date?"; Lab Man, 1975, pl8 

"Precision, Accuracy, and Significant 
Figures"; Chem.Can, Jan 1975, pl3 

"The Perform.anoe Characteristics of 
Analytical Meth^ods part I"; 
Talanta, 1970, 17,p21-29 

"The Performance Charac-teristics of 
Analytical Methods part H"; 
Talanta, 1970, 17,p31-44 
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12.2 Texts: 

.APHA: American Public Health Association, 

10! 15 18th S'trcet, N.W., Washington, DC 20036,,, USA 

Quality Assura,Ece Practices fo,r Health Laboratories 
Inhom,,, Stanley,, L, '(Editor) 

A,0,AC: A,ssociation of Official ,Aiialytical Chemists 

11 1 1 N„ 19th Street, Suite 210-P, 

Arlington,, VA 2,2209' USA 

Quality Assmance Wnciples for Analytical Laboratories 
Garfield, F.M. 

Statistical, Manual of the AO,AC 
Youden,,, W J. md Stcincr,E,H. 

ASTM: A,merican,. Society for Testing and Materi.als 
1916 Race Steet, Philadelphia, PA 19103, USA 

Evaluation and Accreditation of Inspection and Test 
Activities STP814 
Schock, Harvey, (Editw) 

Quality Ass'urmcc for E,nvironmental Measurements STP 867 

Taylor,, J. J. And Stanley, T.W., '(Edi:tors) 

ACS,: ,American Chemic.al Society 

1 155 16th Stteet, N.W., Washington, DC 20036, USA 

Detection in Analytical Chemsiiy,, 

ACS Sym,posiu,m Series No., 361 
Currie.Xloyd A. (editor) 

CSA: Canadian Standards Association 

178 Rexdale Blvd., Rexdale, Ontario, M9W 1R3 

Quality Assurance Standardi CAN3-,Z299 

SCC: Stan,dards Council of Canada 

350 Sparks Stteet, Ottawa, Ontario, KIR 7S8 

Guidelines for Preparing an ,Applica,ti,on for 
Accreditation CAN-P-1501B (referring to CAN-P-4) 



» 
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RSC: Royal Society of Chemistty 

Burliegton House, London Wl V OBN 

The Chemical Andysis of Water 
General Principles and Techniques 
Hunt, D.T,E. and Wilson, A.L. 

OMOE: Ontario Ministry of the Environment 
Laboratoiy Services Branch, QA Office, 
PO. Box 213, Rexdale, Ontario, M9W-5L1 

Gedlbility : The Consequence of Quality Assurance 
Quality Management Plan 
QA Policies and Guidelines 
Principles of Confrol Charting 
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